INTRODUCTION
In 1979, the mechanism of a commercial dentin bonding agent containing methacryloxyethyl hydrogen phenyl phosphate (phenyl-P) was explained in terms of mechanical retention of the resin tag formed in the dentin tubules, which were enlarged by 40% phosphoric acid etching1).
Nakabayashi
found that the dentin adhesive of the methyl methacrylate containing 4-methacryloxyethyl trimellitate anhydride (4-META) diffused and polymerized in the superficial intertubular dentin which was etched by 10% citric acid containing 3% ferric chloride2), and that this dentin bonding agent formed a hybrid layer resulting in improved bonding between the resin and the dentin. Sugizaki reported that the dentin primer containing Nmethacryloyl 5-amino salicylic acid expanded the dentin collagen which shrank during cleaning with citric acid containing calcium chloride3). Watanabe reported that an aqueous mixture of 2-hydroxyethyl methacrylate (2-HEMA) and phenyl-P exhibited high bonding efficacy as a self-etching dentin primer applied directly on the smear layer.
He suggested that the phenyl-P penetrated deep into the sound dentin through the smear layer and consequently improved the bond between the dentin and resin materials4).
These speculations about the bonding mechanism relied on observations of the superficial dentin beneath the substrate in the area of the adhesive interface, but no consistent explanation has been advanced. These bonding mechanisms were explained based on measurement of the bond strengths of resin materials to flat dentin surfaces. In bond strength measurement, it is well known that specimens frequently break at the resin composite cylinder or the dentin, which scarcely reflects the bond strength at the adhesive interface.
CONTACT ANGLE OF BONDING AGENT ON DENTIN
As suggested by Asmussen in 1975 , bonding between the resin composite and the dentin cavity wall is obtained only when the polymerization contraction stress of the resin composite is compensated by the efficacy of the dentin bonding system employed5). Contraction gap forms when the contraction stress exceeds the efficacy of the bonding system.
Munksgaard and Asmussen asserted that pretreatment of the dentin surface after dentin cleaning with an aqueous mixture of glutaraldehyde and hydroxyethyl methacrylate (GLUMA) significantly improved the efficacy of dentin adhesives6). They explained the bonding mechanism of their dentin primer chemically, suggesting that the nitrogen group of the dentin collagen was activated and made polymerizable by 2-HEMA. In a dentin cavity, the contraction gap is always formed between the resin composite and dentin cavity wall, never inside the resin composite nor in the dentin, which suggests that only the surface characteristics of dentin, not its interior, play a role in the marginal adaptation of resin composite.
In a previous study, we restored a tooth scheduled to be extrated mainly for orthodontic reasons and observed the cavity adaptation of the resin composite immediately after the polymerization of the composite7). We concluded that the cavity adaptation of resin composite in vivo correlated with contraction gap width, measured using the extracted tooth, and not with the tensile bond strength to the flat dentin surface.
This finding suggested that neither bond strength measurement nor the fracture type of the specimen are reliable predictors of the clinical performance of a resin composite restoration. The purpose of the present study is to examine the changes in mechanical interactions between dentin bonding agents and dentin surfaces during priming by measuring the contact angles of dentin bonding agents on flat dentin surfaces.
MATERIALS AND METHODS
The flat dentin surface was prepared with wet 1000 grit carborundum paper.
The substrate dentin surface of extracted human molar material was prepared in three groups: ground dentin surface, whose flat dentin surface was prepared by a low speed cutting machine (control group); cleaned dentin surface, which was cleaned with neutralized 0.5mol/L ethylenediamine tetraacetic acid (EDTA) (pH 7.4) for 60sec; and primed dentin surface, on which the dentin cleaning with EDTA was followed by priming for 60sec with one of four experimental dentin primers: aqueous solution of 35vol% glyceryl methacrylate (GM), 35 vol% hydroxyethyl methacrylate (2-HEMA), 62.5wt% ethylene glycol, or 45wt% 1, 6-hexanediol (Table 1) . In a previous report, these solutions showed complete marginal adaptation when used with EDTA cleaning except 2-HEMA.
The prepared tooth was then mounted on the contact angle measurement apparatus* and approximately 1.5mm of distilled water, 1-bromonaphthalene or diiodomethane was dropped on the substrate through a syringe (Fig. 1) . The surface free energy was calculated according to the formula presented in Table 2 .
A commercial dual-cured dentin bonding agent** was also dropped on the dentin surface prepared as described above and the contact angle was measured.
* FACE contact angle meter , CA-DT type, Kyowa Interface Science Co. Ltd, Saitama, Japan ** Clearfil Photo Bond , Kuraray, Osaka, Japan The experimental dentin primers were prepared by diluting the two esterified methacrylates with polyvalent alcohols, and the two diols with distilled water at the above concentrations.
1 Nihon Oil and Fat, Japan 2 Merck , Germany 3 Wako Pure Chemical , Japan 4 Wako Pure Chemical, Japan Fig. 1 Using a syringe, approximately 1.5mm of the tested liquid was dropped on the substrate through the nozzle. Fig. 2 Hemisphere of commercial dentin bonding agent which was applied after EDTA cleaning. Fig. 3 The dentin bonding agent spread rapidly on the substrate when the dentin surface was primed with one of four experimental solutions after EDTA cleaning. 
